Evidence has been presented in an accompanying paper (1) which indicates that the marked hypersensitivity of rabbits to lens extracts following injections of staphylotoxin and beef lens (2) is due to an enhanced stimulation of the animal's immune reactive mechanism by this toxin. In recent years numerous studies have indicated that comparable effects might accompany other synergic immunological states. In this connection we have investigated the conditioning influence of two types of so called allergy: (a) hypersensitivity from repeated inoculation with non-hemolytic streptococci, (b) hypersensitivity induced with a non-bacterial protein, horse serum. A report of these studies follows.
The methods, in general, follow those previously described (1), especially the testing of the immune serum and of the hypersensitive response of the tissues to lens extracts. With certain exceptions the lens extracts were made in Ringer's solution from frozen and dried lenses. The non-hemolytic streptococci, strain Q 155, were known to be very good sensitizing agents when injected intracutaneously into rabbits. They were grown for 18 hours in a specially buffered broth (3) or in broth containing a few drops of rabbit blood; in one experiment lens broth was employed. In the latter case lenses were removed sterilely from the eyes, cut into eight pieces, four of which were placed in 10 cc. of broth. A number of tubes of media thus prepared were incubated for 2 days to insure sterility, then were covered with foil and stored in the refrigerator until needed. They were inoculated and used in the same way as the plain broth cultures, but probably contained more bacteria than did the latter, for the lens protein was a good enriching agent.
The first experiment was designed to determine whether combi-725
nations of streptococci and beef lens protein would sensitize rabbits to lens.
Two combinations were used: In group E (Table I ) the bacteria were grown in beef lens broth, and used in a constant dose of 0.1 cc. of the medium. In group D the lens substance was in the form of an ammonium hydrate extract (2) injected in a constant dosage of 0.1 cc.; the streptococci were grown in plain broth, and injected in decreasing dosage, because it had been previously shown that, as the rabbits become sensitive, it is necessary to inject smaller doses of these streptococci if one wishes to avoid inducing too much focal necrosis of the tissues. Three other groups of rabbits, shown in the table, served as controls. The first five injections were given at biweekly intervals and the next four once each week, so that the period of immunization covered 6 weeks. Tests made at various times are summarized in Table I .
Group E showed that the combination of indifferent streptococci and beef lens incubated together induced a fair degree of hypersensitivity to lens extract, and that this hypersensitivity extended to the interior of the animals' eyes. Group D, on the other hand, indicated that a similar state was induced when bacterial growth and lens extract were prepared separately and injected into the same foci in such a manner that conjugation of the two agents outside the animals' bodies did not occur. Comparison of groups D and C demonstrates that the synergic stimulating effect of the two reagents was more marked when they acted in the same foci than when they were introduced into opposite sides. The cutaneous hypersensitivity of group A to lens is noteworthy, and is an example of a state of: allergic irritability induced by focal infection with streptococci. Animals in this state react to many different forms of injury (4, 5) .
Although distinct hypersensitiveness to lens was induced by a combination of streptococcal infection and beef lens extract, this was not Zso intense as that observed in rabbits receiving staphylotoxin and lens. We have noted previously that it is possible to demonstrate the synergic influence of the toxin and lens when the two antigens are injected intravenously. It was therefore decided to compare the synergic stimulating influence of the non-hemolytic streptococci with that of staphylotoxin, both by intracutaneous and intravenous routes, with the same lot of beef lens extract. Because of the rapid development of marked hypersensitivity in the animals receiving the toxin, this group had one less treatment than did those infected with streptococci. The results are shown in Table II. This comparative test indicates conclusively that the toxin was a more powerful stimulating agent than was infection with indifferent streptococci, but comparison of the various groups shows that the three reactions tested do not necessarily run parallel. In general, the rabbits treated intracutaneously with streptococci and lens had higher precipitin titers and more cutaneous sensitivity than did those immunized intravenously. Group A, treated with intracutaneous injections of streptococci and lens, developed as intense cutaneous sensitivity as did group BB that had received intravenous injections of staphylotoxin and lens; the latter group, however, had marked ocular sensitivity, but only slightly stronger precipitins in their serum than had group A. Had simply precipitin formation and cutaneous sensitivity been used as indices of synergic action, these two groups would have indicated a relatively similar stimulating capacity of staphylotoxin and streptococcal infection; but the ocular reactions clearly differentiated them. On the other hand, with the exception of rabbit 3-0, group B, both parts of the experiment indicated that rabbits with focal lesions, induced by injections of lens extracts with bacterial agent, either living streptococci or staphylotoxin, were more strongly sensitized than were animals which received these materials intravenously. This suggests that some factor in the focus played a part in the eventual outcome.
Another way of inducing a hypersensitive state in rabbits is with a foreign, non-bacterial protein such as horse serum. There is experimental evidence indicating that small amounts of horse serum injected intracutaneously may induce a profound change in a rabbit's reactivity to non-related substances (4, 6). Riehm (7), furthermore, claims that a foreign protein, acting on a certain portion of one eye, tends to sensitize the corresponding part of the other eye. We therefore attempted to determine whether beef lens extract acted upon in a focus of non-bacterially induced hyperergic inflammation, would be a more effective sensitizing agent than when injected into normal tissue.
Three groups of rabbits, A, B and C, (see Table III ) were injected each with 0.2 cc. of horse serum intracutaneously; then their reactivity to 0.001 cc. of the same serum was tested on the 8th and llth days, and to 0.005 cc. on the 15th day. During the next 4 weeks the animals received biweekly intracutaneous injections of horse serum and beef lens extract as shown in Table III . Two additional normal control groups were introduced to test the effect of injecting these substances in non-sensitized animals over the same period. The usual tests were made as in previous experiments, with the results shown in Table III. The results were in accord with those previously observed, viz. the animals having areas of focal reaction--in this instance to a foreign protein--reacted more vigorously to injections of beef lens extract than did animals not so sensitized. There was, however, no significant difference between the reactivity of animals in which the lens and horse serum were injected together and those receiving the reagents on opposite sides. The degree of precipitin formation and cutaneous hypersensitivity was distinctly less than in the case of rabbits receiving staphylotoxin or streptococci together with the lens extract; and no distinct ophthalmic sensitivity was demonstrated. It is true that the focal reactions in the horse serum-sensitive animals were less intense than in those receiving toxin or bacteria. The lesions were, nevertheless, from 40 to 60 mm. in diameter and 2 to 3 mm. thick, and persisted 2 to 3 days without developing necrotic centers. It is evident, therefore, that the amount of reacting tissue was by no means small. Just as repeated injections of an animal with foreign protein induce less severe local lesions than do repeated focal infections with bacteria, so the difference in the two reactive states is likewise reflected by the manner in which the animal reacts to repeated injections of a second, or synergic, antigenic substance, such as beef lens,
Sensitizing Power of Rabbit Lens Extracts.--All our experiments, so
far recorded, were carried out with beef lens extract, a substance heterologous to the rabbit, but which contains proteins or other constituents having immunochemical properties common to lenses of all mammals. Since Uhlenhuth's observations (8) , showing that lenses of various animals have common antigenic properties, most investigators have found it extremely difficult, if not impossible, to induce the formation of precipitins to lens by immunization with homologous lens extracts. Hektoen and Schulhof (9) reported partial success in animals previously immunized with heterologous lens substance. Woods and Burky (10) fractionated lens into alpha, beta and gamma crystallins, and were able to obtain precipitins by immunizing with the respective crystallins; but mixing the beta with the alpha crystallin inhibited the latter's capacity to be precipitated by immune serum. The Ringer's solution extracts used in our experiments doubtless contained all three crystallins; nevertheless it was thought advisable to test whether the heightened reactivity of the animals when treated with staphylotoxin or streptococci might not furnish a favorable experimental set up for the demonstration of homologously induced sensitivity, and incidentally precipitin formation to any lens extract.
The extracts were prepared from frozen and dried lenses of normal rabbits. The toxin was the same as that used in the experiments recorded in the previous paper (1). The rabbits were treated over a period of 60 days, with one injection the first week and two per week thereafter. Because of the steadily diminishing reactivity of the rabbits to the toxin, due to the development of antitoxic immunity, it was necessary to increase the doses of toxin during the last half of the treatment, in order to induce lesions with small areas of dermonecrosis. In the entire period a total of 1.44 cc. of toxin and 1.6 cc. of 10 per cent lens extract was given to each animal. Group A received the two reagents into the same loci, and group B received them on opposite sides. By this technique the cutaneous reactivity of the latter group to lens could be closely followed; but in order to determine this reactivity in group A it was necessary to make occasional tests with rabbit lens extract alone. In neither group was there noteworthy hypersensitivity at any time. No tests were made with beef lens extract until the end of the experimental period, when the reaction of the animals to simple broth was also tested; for Burky has noted that rabbits undergoing long immunization with simple staphylotoxin broth sometimes become sensitive to certain constituents of the broth. The results are summarized in Table IV. All of the rabbits' sera gave equivocal precipitin reactions with 1-100 dilutions of the lens extract, and none in higher dilutions. The cutaneous reactions with lens extracts--both beef and rabbit--were likewise practically negative; certainly they bore little resemblance to those of rabbits sensitized with much less toxin and beef lens. For a few days following the needling of the lenses it seemed that the eyes were no more sensitive than those of normal animals; in fact, group B reacted normally. About a week after the injury, however, two of the rabbits of group A showed a distinct increase in the signs of inflammation in the traumatized eyes; conjunctivitis became more marked; the irises were more congested and edematous, and the previous opacity of the lenses became more intense. In other words, there was a late development of ophthalmitis interna less intense than usually occurs when the rabbits are sensitized with toxin and beef lens. This seemed to indicate that the rabbits had been sensitized, to a certain degree, by the long course of treatment with toxin and rabbit lens. The occurrence of ophthalmic reactions in group A and not in group B points to a sensitizing influence of the two substances when acting in the same area of focal inflammation.
Simultaneously with Experiment 1 of the present paper a group of rabbits was treated with a combination of Streptococcus Q-155 and rabbit lens extract made by dissolving normal rabbit lenses in weak ammonium hydrate. Presumably this was largely alpha crystal[in. These animals received 30 daily intracutaneous injections with these two substances; a total of 3 cc. of 10 per cent lens extract was used. The precipitin formation in two animals was of the same intensity as in those of Experiment 4; the cutaneous reactions were only slight, and one animal developed distinct ophthalmitis phaco-anaphylactica a week after the lens was traumatized. Here again, it was evident that homologous lens extract was a much less efficient sensitizing reagent than that from beef.
DISCUSSION
The foregoing experiments throw additional light upon the synergic action of hypersensitivity to two different antigenic stimuli. The use of lens extract as the second antigen offers peculiar experimental advantages, because common antigenic fractions exist in all mammalian lenses. This permits a comparison of the effect of introducing homologous and heterologous lens extracts into animals, the responsive state of which has been enhanced by the accompanying induced synergic condition. It also permits us to compare the relative amount of antibody production with the intensity of cutaneous and ophthalmic sensitivity. While these three reactions are often parallel in degree there are enough exceptions to this rule to support the conception that they are not necessarily interdependent phenomena. When, therefore, one is interested in the mechanism by which certain lesions are induced by bacteria or foreign proteins, it is not sufficient to study the antibody curve in the sera of the treated animals, but one must compare this with the responses of the tissues to local insults under different immunological circumstances.
In by far the majority of investigations on the effect of infection, or on immunization with foreign proteins, the experimental set up has been with relatively normal animals. Obviously this is necessary if the complicated problems of infection are to be analyzed. In many human diseases, on the other hand, the circumstances are not so simple, for allergic and synergic reconditionings of the tissues are at play, as has been pointed out by Vaughan (11) and others. The different stimulating action of staphylotoxin poisoning, non-hemolytic streptococcal hyperergy and anti-horse serum hypersensitivity, in conjunction with injections of lens protein, illustrates well how each state must be studied. No doubt the use of more virulent bacteria, or of such infectious agents as filterable viruses, and also of more toxic sera might induce still different grades of response. Knowledge of the complicated antigenic mosaic of many bacteria furnishes an additional stimulus to investigation of the reactivity of experimental animals in different ergic states, for doubtless the response of an animal to infections with whole bacteria is different from that of one to chemically modified bacterial fractions, or to combinations of these fractions. It seems expedient, therefore, to study further both complex, as well as simple, ergic states in order to obtain a better understanding of the pathogenesis of some, as yet, little understood diseases. CONCLUSIONS 1. The relative synergic stimulating influence of anti-horse serum sensitivity, non-hemolytic streptococcal hyperergy and staphylotoxin intoxication have been determined in connection with rabbits' reaction to simultaneous injections of lens extracts. These three synergic states are increasingly active in the order named.
2. Heterologous lens extract is a much more powerful antigen than is homologous lens, even under conditions where the reactivity of the immunized animal has been much enhanced. 
